I Introduction
Wetlands and the value of the ecosystem services they provide at the global and local levels are widely recognized (Schuyt and Brander, 2004) . Wetlands in coastal areas in many parts of the world are closely associated with human systems (Maltby, 2006) and are under considerable pressure from development and related activities. As a result, wetlands are often degraded by spatial fragmentation and disconnection both biophysical and institutional. Spatial and biological connectivity between wetlands and adjacent systems is a crucial aspect for sustaining many organisms (Amezaga et al., 2002) . Biophysical fragmentation breaks the wetland into spatially and biologically disconnected parts. Institutional fragmentation occurs when administrative boundaries are not consistent with the biophysical continuum. Knight and Landres (1998) noted that 'administrative boundaries almost always fragment a landscape, disrupting the ebb and flow of individuals and ecosystem processes' (Knight and Landres, 1998: 1) .
Wetland losses have been recorded widely and there have been significant losses in eastern Australia (see review by Saintilan and Williams, 2000) . In addition, climate and sea-level changes threaten wetlands. Many estuarine coastal wetland systems are intermittently connected to fresh or tidal waters and some organisms depend on physical connections at crucial stages in their life cycle or for access to resources (Chabrerie et al., 2001 ). This connectivity needs to be reflected in conceptual interconnections between the biophysical geographical sciences and management and is crucial in achieving sustainable management goals.
Recently, authors have highlighted the need to interrelate research and environmental management. In their commentary, Morton et al. (2009) noted the urgent need for science to address critical information gaps and communicate effectively with management. In their key paper, Roux et al. (2006) noted that knowledge that does not lead to adoption is a transfer failure. They identified barriers to bridging the gap between science and management. These barriers include disciplinary fragmentation and separation of scientific knowledge from its application. As well, the views of scientists by managers and vice versa contribute to blocking knowledge exchange. Building an alliance between science and management requires combining creativity and pragmatism. This idea is expanded by Failing et al. (2007) who addressed the issue of giving value to local knowledge as an important partner with science, exemplified by a local-scale Canadian project. While local knowledge may be interpreted narrowly at a community level, it should be extended to embrace the knowledge of managers. The ideas of Roux et al. (2006) and Failing et al. (2007) gel with those of Doremus (2007) who advocated 'learning by doing' as a term to be preferred to 'adaptive management' that is commonly encountered (and used by us). Although Doremus specifically considered the interaction between science and the precautionary approach,
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Progress in Physical Geography 34(5) that approach is a basic management one that has become of increasing importance in the context of climate change and environmental uncertainty and is critical in the coastal zone. Hart and Bryan (2008) , in their case studies of New Zealand coastal systems, identified the need for an integrated approach to managing connected coastal systems. They noted that spatial fragmentation occurs at the management level with several agencies responsible for connected systems. They concluded that 'there is an urgent need for more scientific-research effort to be focussed on coastal boundaries and connections while managers need to implement multi-region strategies' (Hart and Bryan, 2008: 141) . This paper aims to address the urgent need identified by Hart and Bryan (2008) . We present a working conceptual model that brings together the biophysical sciences and the management system. We first summarize the importance of connectivity both biophysical and institutional and then develop a model to integrate research and understanding of coastal wetland interactions/connections with institutional arrangements. This is exemplified by work in progress for wetland management in subtropical Queensland, Australia.
Biophysical connectivity and classification
Biophysical connectivity -that is, the spatial connections within and between systems at a variety of scales -facilitates the movement of materials and organisms and can be crucial to species survival. For example, in a wetland context, connections between water bodies provide refuge for aquatic organisms, especially in times of stress. Similarly, access to the fresh-saline interface is important for some fish to complete their breeding cycle. These aspects have been reported by Sheaves and Johnston (2008) for an area in the Australian dry tropics, and more generally by Sheaves (2009) . Understanding underlying physical connections provides the groundwork for understanding biological connectivity.
The issue is complex, as indicated by Sheaves and Johnston (2009) . One way to simplify complexity is to classify or cluster using a modelling technique that groups objects (in this case wetlands) into types or clusters which share similar characteristics and which are relatively homogeneous. In their review of Australian wetland classifications, Pressey and Adam (1995) included any groupings (classifications) of wetlands based on numerical or qualitative methods and identified two main aims of the classification system: to develop hypotheses about temporal and spatial patterns (see also Dale, 2002) and to provide information, for example, for inventory purposes. Both aspects are important for an adaptive approach to research and management.
More recently, remote sensing has been a major source of information in classification, using spectral characteristics to define relatively homogeneous ground surface characteristics (eg, Dechka et al., 2002; Shanmugam et al., 2006; Becker et al., 2007; Wright and Gallant, 2007) . Spatial analysis then can identify contiguities relevant to connectivity. For example, Yue et al. (2004) married classification of remote sensing imagery with wetland connectivity assessment in a Chinese delta, but this has not been a common practice. Temporal changes can also be described using remote sensing at several times and a variety of analytic tools such as classification (see the review by Gillanders et al., 2008) . There is also a potential for remote sensing applications to contribute to knowledge in landscape ecology but, according to the review by Newton et al. (2009) , this has been a somewhat neglected field.
There is a limited literature explicitly on wetland connectivity and it tends to focus on importance for specific fauna: for example, birds (Plissner et al., 2000; Haig et al., 1998) or fish (Sheaves, 2005; Sheaves et al., 2006; McIvor et al., 2007; Sheaves et al., 2007; Meynecke Dale et al. 607 et al., 2008; Sheaves and Johnston, 2009) . Biological connectivity, specifically in mangrove systems, has been reviewed by Sheaves (2005) and some progress has been made in these systems using remote sensing and field data combined with tidal modelling (Knight et al., 2008 (Knight et al., , 2009 . Other approaches to connectivity, often at a landscape scale, make use of connectivity indices as reviewed by Saura and Pascual-Hortal (2007) who also developed a new probability of connection index applied to a bird (Goshawk) habitat. Considering a whole landscape approach, multiple indices may be useful and could be incorporated into the typology that we are developing. This raises the issue of spatial scale. The research of Amezaga et al. (2002) is relevant to this when they considered policy implications for conserving wetlands, with regard to birdmediated dispersal of organisms. They noted that conservation is often site-specific, and stressed the need to include a broader consideration of the networks of what may be small wetlands, in a more regional context. However, linkages in the larger network such as envisaged by Amezaga et al. (2002) have not, to our knowledge, yet been explored. Thus, there are gaps in research about the nature and identification of wetland connectivities which this conceptual approach seeks to address.
In summary, the physical geography and biological research needs to: develop a classification or typology of coastal wetland connectivity types, derived from the application of novel statistical approaches to analysing remotely sensed and field data; and identify the critical variables that provide for wetland connectivity and examine how these variables respond to a range of climate change and development scenarios.
For the outcomes of the research to have an impact (other than with the scientific community), it is essential to apply that knowledge to management through the work of legislators, policy-makers, planners and natural resource managers in order to protect the functionality and connectivity of the ecosystems. Management is embedded in a legislative and institutional framework that is itself fragmented, and this also needs to be analysed and addressed before significant progress can be made. This is discussed below.
Institutional connectivity
Isolated decision-making carried out by state institutions has been acknowledged as one of the most serious threats to ecosystems in Australia (see, for example, Nevill, 2007; Davis and Froend, 1999; Finlayson and Rea, 1999) . Australian environmental laws and regulations have evolved over time as a response to different environmental problems. It is a common practice that ecosystems are managed by several governmental agencies with limited jurisdiction. As a result, compartmentalized and fragmented governance arrangements lead to a landscape management regime dominated by policy development that is isolated and for singular issues.
Institutional connectivity or lack thereof is both boundary-and topic-related. The assignment by legislation of spatial units of governance, planning and management responsibility to separate agencies commonly divides the landscape along arbitrary lines utilizing features such as high and low water levels (often spatially unclear, and subject to change), cadastral boundaries and ownership patterns. This is well exemplified by the management arrangements that have evolved in the Queensland coastal environment in Australia, cutting across ecological connections as illustrated in Figure 1 and described in Sporne (2008) for wetlands and, specifically for vegetation, in Sporne and Dale (2009) . Figure 1 outlines the complexity of the legislation in Queensland providing for the management of wetland ecosystems and ecosystems in general.
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The legislation was selected based on two major criteria: acts providing for the conservation and sustainable management of wetland ecosystems and acts providing for the regulation of activities which directly or indirectly affect wetlands -ie, modify properties of wetland ecosystems. Three properties of wetland ecosystems were selected as a basis for integration analysis: water regime and quality, vegetation and wildlife (animals). It should be noted that Figure 1 includes only major legislation and the overall legislative framework for wetland and ecosystem management in Queensland is considerably more complex.
As can be seen from Figure 1 , for a particular part of the wetland ecosystems, there is a diversity of power and responsibility. Thus, for the three tidal land areas shown in Figure 1 (estuarine systems), there are two Queensland main agencies.
These are the Department of Environment and Resource Management and the Department of Primary Industries and Fisheries, operating under five different statutes, each of which has a specific objective and, consequently, provides for a different set of management tools and criteria. For example, the Nature Conservation Act 1992 provides for the conservation of nature (Part 2, S 4). The object of the Fisheries Act 1994, which also protects wetlands as declared fish habitat areas, is: 'to provide for the use, conservation and enhancement of the community's fisheries resources and fish habitats' (Fisheries Act 1994, S 3 (1)).
Although the two objects are not necessarily in direct conflict, the emphasis of the Fisheries Act 1994 is on human use, promoting ecologically sustainable development, whereas the Nature Conservation Act 1992 is primarily concerned with conservation and how to achieve this by management. Whereas Figure 1 demonstrates some spatial aspects of institutional fragmentation, Table 1 provides an example of a similar issue for Queensland in the context of specific resources or ecosystem properties: water regime and quality and vegetation. Although Table 1 only exemplifies several major statutes, it does reflect the general issues of institutional fragmentation affecting management of wetland ecosystems.
As can be seen from Figure 1 ) that separate terrestrial, riverine and marine systems. The legislation also varies in the management scope of human impacts. While the Water Act 2000 provides for the management of activities resulting in destruction of vegetation in watercourses, lakes and springs (see Part 8, Division 1) grazing pressures are excluded from its scope (see Schedule 4, Dictionary). As a consequence, two agencies and several structural units of these agencies, each having a limited level of authority, are involved in the management of ecologically connected resources.
The Queensland Government has attempted to effect an integrated approach to the planning and management of various resources in the coastal zone, but with varying success. For example, the Integrated Planning Act 1997 in Queensland aimed at encouraging sustainable development with an integrated development approval process. The Integrated Development Assessment System that was a feature of the Integrated Planning Act 1997 created a 'onestop shop' for approvals and included assessment under other legislation, such as the Fisheries Act 1994, Vegetation Management Act 1999, Water Act 2000 and Environmental Protection Act 1994. In effect, this simply 'hid' the disparate agency roles without seriously resolving the issues of ecosystem connectivity we raise here. Also, the recently enacted Queensland Sustainable Planning Act 2009 does not appear to improve the situation.
There are thus serious challenges for those seeking integrated procedures. It is further hampered by the plethora of legislation, policies, regulations and administrative approvals processes and procedures that have been developed in isolation, within each separate administrative authority that has been assigned its own discrete area of responsibility. This has been demonstrated in the Queensland context by Low Choy ( , 2003 Choy ( , 2007 and, for New Zealand, by Hart and Bryan (2008) . This highlights the imperative to improve horizontal coordination between the planning and management activities across all levels of governance, as well as improving the connections with research relevant to crucial issues. Biophysical science and policy and planning must interact in the context of 'sustainability science', which focuses on interactions between nature and society (Kates et al., 2001) .
In summary, the legislative and planning research needs to interact with and provide management with: inventory and analysis of the statutory and other instruments that have application to wetlands; identification of discontinuities in integration and the barriers to it; and opportunities for integration and adaptive management.
Achieving these would lead to an innovative and adaptive approach to the challenges of coastal wetland sustainability and help adaptation, via
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Progress in Physical Geography 34 (5) human activities, to climate change. The following sections outline a conceptual framework and illustrate progress along it for the Queensland example.
Conceptual framework
To be responsive to change, an adaptive (or 'learning by doing') approach is needed (Dale et al., 2006) . Figure 2 is a conceptual model for achieving this end. Science and Legislation/ Planning/Management proceed in parallel with strong cross-links.
Following the science pathway we can see that remote sensing imagery provides a synoptic perspective and baseline data that links with the modelling process. It includes airborne Light Detection and Ranging (LiDAR) data, providing microtopographical detail that is basic to connections, as well as more detailed habitat information from satellite imagery. The synoptic and baseline data are augmented by field-based biological and hydrological data providing information that can be used to elucidate the nature of connectivity. That can be assessed using a variety of spatial statistics such as the methods of McGarigal et al. (2002) . Measures of connectivity such as those reviewed by Saura and Pascual-Hortal (2007) can also be used in novel statistical modelling techniques such as the Bayesian information-theoretic Minimum Message Length (MML) principle (Wallace and Boulton, 1968; Wallace and Dowe, 1999; Wallace, 2005) , which is an operational form of Ockham's razor that enables us to construct the 'best' model(s) that explain(s) the system most efficiently. (See section III for more on MML.) As an example, applied MML modelling to biophysical parameters of an intertidal salt marsh. The modelling produced clusters or types and the clusters formed nodes in a diagram that identified hitherto unknown processes of change in the salt marsh vegetation, with potential application in restoration projects. The legislative, planning and management pathway builds upon research that identifies fragmentation at the highest level (usually statutory) and focuses on incorporating science into planning (see Low Choy and Maccheroni, 2005) . This has demonstrated that a suite of planning tools and instruments can be built on a catchment (regional) basis that is grounded on biophysical science and capable of responding to the management challenges arising from ecosystem characteristics. An essential 'learning by doing' part of the process includes communicating with regulators, decision-makers, landscape managers and landowners, and participation by the wider community.
II Evolution of the model -the precursor project
The concept for the model has evolved over many years, building on research by team members and crossing disciplinary boundaries, as shown in the following example. The issue was to develop low-impact mosquito control in intertidal salt marshes with minimal use of insecticides. The responsible agency (local government) knew it needed this knowledge (understood its importance) and, in 1980, approached the founding members of what developed into an interdisciplinary team. Agency personnel and scientists worked together, sharing information and knowledge. The science basis used remotely sensed and field data to develop models, the most recent being MML ones and to develop understanding of the intertidal wetland. The outcome was optimized intertidal wetland management conserving both wetland values and human health and managing disease vector mosquito populations with minimal environmental impact (Dale, 2008) . The method, known as 'runnelling', was based on increasing connectivity between the salt marsh and estuary resulting in increased predation for mosquito larvae and benefit to fish (see the description of runnelling in Hulsman et al., 1989) . A 'learning by doing' approach (sensu Doremus, 2007) was exemplified by the interaction with local experts. There was a two-way exchange of knowledge over more than 20 years: mosquito larval numbers information from local experts to scientists, and environmental knowledge from scientists to the local experts. Over time, a respect and trust developed that was probably facilitated by the long-term professional interactions, and low turnover rate of staff. In particular, the often shared experience of the rigours of fieldwork engendered cooperation. It has involved all levels of Queensland government and community, and has been used in the permit application process and the development of policy. In the permitting process initially (mid-1980s), two applications for runnelling had to be made: one to the then Environmental Protection Agency and one to the Department of Primary Industries, Fisheries. Reflecting the different objects of their enabling legislation, the requirements were different for each, resulting in a cumbersome and costly process. As a result of negotiation, a common application form was agreed that met the objectives of both. This was achieved at the operational level, not by mandate from above. An example of policy later resulting from the research is the Fish Habitat Management Operational Policy FHMOP 003 for insect pest control in coastal wetlands (Queensland Department of Primary Industries, Fisheries, 1996) .
The 'research to implementation' process described above has evolved into a 'new' phase and one which is part of the overall concept model: to experimentally apply the runnel concept to manipulate a mangrove system, supported by community, local and state government in northern New South Wales (some 50 km south of the original salt marsh project).
III Progress of the model -the complex project
The success of the precursor project has led to the more ambitious interconnected project reported here. The study area we selected is subject to development-associated pressures, as these are most likely to be impacted at an early stage by climate and sea-level changes, and are areas in which the biophysical and institutional fragmentation is most serious. The study area highlights a complex and relatively ill-defined institutional planning and management arrangement for the tidal lands (as was shown in Figure 1 ). Table 2 summarizes the progress that has been made in implementing the model and is discussed below. It is a work-in-progress, evolving in response to new information and techniques.
Biophysical components
To explore the hydrological connections, we have used remote sensing and field-based research. In the remote sensing area we have used Synthetic Aperture Radar (SAR) and Thermal Imaging . Both have limitations and were not useful for the very detailed elevation modelling that is needed to assess small changes in hydrology (eg, tidal levels). As a result of interactions with users (local government) who were confident in our producing useful outcomes, we have been given LiDAR data for some of our study areas. This provides very high-resolution data at a vertical scale (accurate to around 0.05 m). It is showing great promise in mapping microtopographic variations that are important to tidal flooding and water retention issues (Knight et al., 2009) . This is particularly relevant to coastal wetlands where several centimetres may determine whether or not an area floods from tides, and how far and in what pattern such tidal water will penetrate the coastal plain and how it will leave (eg, via channels or lateral flow). It will also allow the modelling of rainfall runoff patterns through wetland systems.
The hydrological field research focuses on assessing and monitoring physical surface connections and indicators of wetness, the latter as an indicator of subsurface connection. For surface connections, pressure-sensitive data loggers that also record salinity (to indicate if water sources are tidal or from rain) are effective. This, combined with tidal modelling as in Knight et al. (2008) , provides a detailed basis on which to assess biological connections and has now been applied over several areas (JM Knight et al., unpublished data) .
Biological connectivity for aquatic and marine organisms is mainly driven by tidal and rainfall induced connections. The nature of tidal and rainfall related biological connectivity is investigated to: develop and understand biological indicators of biologically 'effective' connectivity; understand how biological processes modify the outcomes of physical connectivity; and understand how changes in physical connectivity modify biological outcomes. Following the initial development of models of physical connectivity, sites are sampled regularly with cast, fyke and trap nets to determine changes between preconnection and a range of postconnection states (ie, under situations modelled to provide different levels of physical connection). Results have been published by Sheaves and the team and are noted in Table 2 .
Model building: Statistical methods tailored to the problem
The issue here is to take the remotely sensed data to infer connectivity types at high, intermediate and low tides and antecedent climatic conditions. Remotely sensed and field data clearly have a role to play in this modelling -and, in Dale et al. 615 t- .
LiDAR data was provided by Local Governments for mosquito habitat mapping that depends on connectivities in intertidal wetlands.
Early progress on classifying imagery (Papp et al., 1993) .
Microtopography as relevant to coastal plains and sea-level changes is best evaluated with LiDAR data.
The use of thermal scanning is possible but needs predawn imagery to best separate wet from dry land.
The spatial resolution needed for detailed mapping (pixels <1 m) makes it costly. SAR is too expensive and high-resolution data has not until now been easy to obtain. Future direction: increased use of LiDAR for detailed Digital Elevation Models.
Hydrological connectivity South east Queensland mangrove system tidal patterns have been analysed (Knight et al., 2008) . This has led to detailed connectivity mapping in 5 mangrove sites in south east Queensland using pressure gauges, field data collection, LiDAR data (Knight et al., 2009) . Fitzroy connectivity fresh saline interface (JM Knight et al., unpublished data).
Connectivity within mangrove forest is highly complex and small elevation changes can result in a range of tidal flooding scenarios. This has been shown from LiDAR data and field data collection. Flooding tides can have a quite different pattern from ebb tides and this is likely to affect connections between fresh and saline systems with periodic salinity changes in varihaline systems.
Biological connectivity The importance of connectivity for fish communities has been established (Sheaves, 2005; Sheaves et al., 2006 Sheaves et al., , 2007 Sheaves and Johnston, 2008) Sheaves and Johnston found a strong relationship between connectivity and local fish extinctions. Connectivity affected catch size and size structures of the fish fauna in the four pool categories and affected recolonization after local extinctions for both freshwater and marine species.
Statistics to identify patterns The innovative Minimum Message Length procedure has been used with remote sensing data (Papp et al., 1993) . See also Tan and Dowe (2002 , Wallace (2005) , Dowe et al. (2007) and Dowe (2008) .
Future direction: to enhance the image analysis using LiDAR data and field data.
(continued) Statutory provisions A pilot project has been completed for Queensland legislation as it relates to coastal wetland management (Sporne, 2008; Sporne and Dale, 2009 ).
Legislative fragmentation is the basis for institutional disconnections. In particular, boundary issues lead to multiple agencies involved in specific systems (see Figure 1 ) and this has the potential to lead to conflicting management outcomes.
Policy, planning and processes Low Choy has completed work in this area Low Choy and Maccheroni, 2005) Research conducted to date has shown that existing planning systems and processes are not linked (neither horizontally nor vertically). However opportunities to achieve 'joined-up' planning are evident.
Investigate best practice
Low Choy (2003 Choy ( , 2007 Planning is largely not informed by appropriate science. There are large gaps between the planning requirements and the scientific response. Citizen science needs to be explored in these processes.
Stakeholder involvement Seminar presentations to government regulators: A full stakeholder analysis is an imperative. Community engagement requires new innovative approaches to be incorporated into collaborative planning processes.
The precursor project described here exemplifies the engagement needed for effective integration at the operational level (see section II).
urn, in management. Analysing the data will enable us to infer a variety of classes (or components), each essentially describing a particular type of environment. For example in a coastal wetland, classes could be water, substrate, and several classes of vegetation. Determining a class will be largely due to what we observe in that class, but can also be influenced by the classes of neighbouring pixels. Our modelling is perhaps best done using the Minimum Message Length (MML) principle of machine learning, statistics, econometrics and inductive inference -for several reasons. MML shares with many statistical inference methods the property of statistical invariance (meaning that transforming the coordinates, such as from Cartesian coordinates (x, y) to polar coordinates (r, ?), does not affect the answer). MML is resistant to noise (a common problem with ecological data); it generates simple models that predict well. More specifically, it typically generates simpler models that predict better than rival methods (Comley and Dowe, 2005; Dowe et al., 2007) . It has the ability to generate hybrid models of appropriate complexity (Wallace and Dowe, 1999; Wallace, 2005) while remaining resistant to noise and overfitting. When data are relatively scarce, modelling is complicated and the amount of data per parameter is limited (such as happens with a variety of problems including latent factor analysis of correlations). In that situation, MML stands out from other methods by being statistically consistent (converging to any true underlying model generating the data; Comley and Dowe, 2005; Dowe et al., 2007; Dowe, 2008) . As such, MML is useful in several different tasks where model uncertainty is important (for example, see Dale and Dale, 2004) . In some cases, the MML mathematics and software have already been developed -whereas in other, more general, cases further refinements are in progress. For the reader familiar with Bayesian networks (or directed graphical models), the more general hybrid models can be thought of as extensions of the notion of generalized MML Bayesian networks as described in Dowe (2003, 2005) and Dowe (2008) . The simplest form of modelling is a somewhat unembellished clustering (or mixture modelling, or unsupervised classification; Papp et al., 1993; Dowe, 1994, 2000; . A variety of enhancements exists, and we would ultimately like to have hybrids -and ideally one single hybrid of all of these. Hierarchical clustering (Boulton and Wallace, 1973; Dowe and Oppy, 2001; Wallace and Dale, 2005; Dowe, 2008) , as the name suggests, enables us to have hierarchical refinements of classes. For example, there might be a wetland class that is subdivided into several subclasses such as intertidal wetlands and freshwater wetlands. Each of these might be further subdivided. For example, intertidal wetlands might have two or more subclasses such as seagrass, mangrove and salt marsh; the mangrove subclass might also have subclasses, such as Avicennia spp. and Aegiceras spp., and so on.
As spatial relationships are important in the connectivity context, we can also model spatial correlations (Wallace, 1998; Visser and Dowe, 2007; Visser et al., 2009 ). The idea is that, within an image, the class of one pixel will typically be influenced by the classes of its neighbours. For example, if we infer classes of water, sand, mangrove and concrete, our inference program might possibly decide that it is very improbable for a pixel to be mangrove when all its neighbours are concrete, but very probable if the neighbours are water. Mangrove tree attributes such as girth, height and biomass might be correlated within a class and this can also be modelled by using single (Wallace and Freeman, 1992) or multiple (Wallace, 1995; Dowe, 2008) factor analysis. For the attributes mentioned, we might call the factor something like 'size', and the direction of the 'size' factor can vary from class to class (Edwards and Dowe, 1998) and may be related, for example, to position on the tidal slope. The way in which these classes might change with
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Progress in Physical Geography 34 (5) time, as might occur with changed tidal patterns or sea-level change, can be modelled with a variety of MML time series analyses (Edgoose and Allison, 1999; Fitzgibbon et al., 2004; Visser et al., 2009) . For other approaches, see Gillanders et al. (2008) . Spatial analysis can also determine cluster shape and likely connections and gaps (taking antecedent conditions into account; see, for example, McGarigal et al., 2002) . The more data we have access to and the more elaborately we are able to model (using MML, which quantifies noise and resists overfitting), the better our understanding of cluster shape and likely connections and gaps -including the spatial relation between cluster groups and how clusters make transitions (successional change) into other clusters over time. Such modelling will be of great assistance to policy, planning and management by identifying dynamics that need to be taken into account in decisionmaking.
3 Legislation/Policy/Planning: Adding value from the science The legislative, policy and planning research informs and is informed by the science throughout the project. The tasks include: reviewing legislative provisions that underpin the policy, planning and management systems; reviewing the past and current policy and planning systems and processes at local and regional levels to place the current biophysical work into a broader context; investigating the world's best practice for the use of biophysical science-based planning policy in statutory and non-statutory circumstances; and comparing the outcomes from the preceding tasks with the status quo. This helps to develop management models incorporating a suite of planning responses ranging from mandatory and statutory planning instruments through to voluntary mechanisms, developed from the science and to be implemented via collaborations.
To implement the findings, a new collaborative management paradigm evolves via workshops and, for example, thematic networks (Totlandsdal et al., 2007) . This addresses fragmented management arrangements and facilitates linkages within planning and between it and science, as stressed by Morton et al. (2009) and Roux et al. (2006) and noted in the introduction. User participation must permeate all stages, as was the situation with the precursor project (see section II). This provides users with access to scientific understanding and helps to develop and extend community commitment to sustainability. It also provides local knowledge inputs to the research. The management model uses an adaptive and participatory cyclic planning process that can maximize use of the scientific investigatory process and its ongoing findings.
IV Discussion
The approach outlined here is important as it addresses the existing critical situation of 'death by a thousand isolated planning decisions, few of which are well-informed by science'. In particular:
it builds on existing interactions between scientists and government agencies, with community inputs; it is a novel integration of science, statistics and management to achieve practical benefits to society; it represents a new phase of developing sustainable science focusing on building understanding of the intimate nature of connectivity in coastal wetland systems; it is a unique opportunity for policy-makers and planners to interact with cutting-edge geographical and statistical science to achieve ecological connectivity through connected and integrated planning processes and instruments; it extends an adaptive management approach to both research and to planning systems for managing coastal landscapes; and it develops synergies across disparate disciplines with outcomes of greater value than the sum of the parts, particularly by involving the planning discipline in acquiring scientific knowledge and applying it to manage wetlands, taking into account potential changes due to climate/sea-level change.
One limitation, in the science area, is the access to high-resolution remotely sensed multispectral data such as IKONOS satellite imagery, which is currently prohibitively costly. It would have improved the multispectral spatial data and the modelling process. However, this may be addressed as information enters the public domain or cheaper alternatives become available. The LiDAR data is an example of data to assess sea-level change that has been given to us in relation to our work in managing the mosquito issue.
Extensive archived data would also have been useful to assess the research areas under different wet/dry conditions. This was limited by human resources rather than cost. However, this has recently been addressed by Eslami et al. (2009) for part of the study area. They found a significant relationship between the rate of encroachment of mangroves into salt marsh and rainfall conditions. That represents a form of connectivity or opportunity for colonization by mangroves and the research is important in the context of climate change (and sea-level change).
In the broad planning area, legislative reform is a keystone to developing an overarching structure that would encourage cross-disciplinary and cross-institutional collaborations at the regional and local levels. While the project so far has found statutory-based fragmentation, there may be no specific legal barriers to informal communication between agencies at an operational level, as was evidenced in the precursor project (section II). However, it took several years to develop the collegiate and sustained relationship that has extended to other agencies working with the science team and is heavily influenced by the team's reputation. In a more general sense, a broad interpretation of the objectives of the key statutes may encourage collaboration between agencies. However, this would probably need to be interpreted and initiated at a relatively high level to create confidence in its implementation at the operational level. In our experience, the necessary trust between players develops by mutual collaboration and the development of trust, sustained over considerable time periods, as noted by Dale et al. (2008) in the applied area of mosquito management. This is consistent with the ideas of Roux et al. (2006) when they discuss sharing knowledge to find the interface between science and management and bridge the gap between them.
V Conclusion
Our project has shown that management challenges involve a complicated system with unclear areas of responsibility resulting from overlap, duplication and disparate decision-making procedures at different levels of government that may operate in the same geographical space without an effective coordinated whole-of-government approach and no effective integrating mechanisms. Holistic management is highly problematic and this complex situation becomes a recipe for uncertainty and conflict. Thus, achieving a whole landscape planning and management arrangement requires an integrated approach that links all currently stand-alone planning and management systems that have a major bearing on the state and health of the coastal zone. This should be underpinned by legislative reform and lead to concordance between local authority statutory planning schemes, the various plans and policies of government agencies exercising managerial responsibility within the coastal zone and the emergent regional state government arrangements.
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In developing our concept and implementing it, we believe we have started to overcome the fragmentation demonstrated for our study area and referred to more generally by Roux et al. (2006) , as well as introducing creativity by applying the adaptive approach to both research and management. This also embodies the 'learning by doing' approach that Doremus (2007) advocates. Finally, the concept provides a framework that can help address the 'urgent need' for integration in the coastal zone as identified by Hart and Bryan (2008) and enhance intercommunication between players as Gibbons et al. (2008) stressed. However, the timeframe over which change can be implemented, in particular in the area of legislative reform, may be too slow to adequately address the issues in a rapidly changing environment. Thus, there is also a great urgency to move forward towards synthesis and integration.
